INTRODUCTION
A previous IUPAC collaborative study on the phospholipid composition of commercial lecithin involved fractionation by thin-layer chromatography and the determination of the phosphorus content of the separated fractions. The repeatability of results with this method in each laboratory was satisfactory but the reproducibility among laboratories was unsatisfactory. A direct HPLC method would reduce the number of analytical steps and the time for the determination of phosphatidylethanolamine (PE), phosphatidic acid (PA), phosphatidylinositol (PI), and phosphatidylcholine (PC) in lecithin concentrates.
COLLABORATIVE STUDY A N D RESULTS

1.
The samples studied in 1988 were de-oiled soy lecithin, a mixture of it with a standard phosphatidylcholine and samples of crude lecithin, two of which (samples 4 and 5 ) were identical. Participants used their own HPLC equipment with a pretreated column as described in the method.
Twelve laboratorties representing 9 countries reported the results of duplicate analyses on each sample. Statistical analyses were done according to IUPAC guidelines for each phospholipid in each sample. Cochran's Test ( a = 0.001 for outliers and a = 0.05 for stragglers) identified any large differences in duplicate results. Outliers were deleted and the remaining data were test using Grubb's Test ( a = 0.01 for outliers) to identify extraordinarily high or low results. The outliers were deleted: the steps were repeated until no outliers were detected. A summary of the results is presented in Table 1 .
2.
In 1989, four lecithin samples were studied in twelve laboratories. The reference sample contained PC, PE, PI and PA and was provided by Lucas Meyer, Germany. The range of PC to be tested was 8.8 to 12.3% of the lecithin mixtures provided. Of the results reported, no outliers were detected in PC, but the highest CVR was associated with PC in sample 3. The CVr for the 4 phospholipids in the 4 samples rantged from 1 . 7 to 5.0, but the CVR ranged from 5.7 to 13.6. During the two years of testing the average CVR for PC was 7.3.
A summary of the results is presented in Table 2 .
CONCLUSION
HPLC is a relatively rapid method which allows reliable determination of the individual phospholipids in lecithin concentrates of plant origin. Although there was a tendency for the results obtained using the method to show a somewhat high level of variation between laboratories, this variation was considerably less than that experienced when determining the phospholipid profile by TLc and phosphorus analysis (method 5 . 3 0 1 ) .
Accordingly, on the basis of the results, the Commission decided to adopt the method. 
FIELD OF APPLICATION
The method allows the determination of phosphatidyl ethanolamine (PE), phosphatidic acid ( P A ) , phosphatidyl inositol (PI), and phosphatidyl choline (PC) in commercial soybean lecithin preparations.
PRINCIPLE
Separation of the individual phospholipids by direct high performance liquid Chromatography (HPLC) and their detection by ultraviolet light at 206 nm.
Quantitation using external standards. Recorder and/or integrator.
Syringe, 25 1-11 graduated in 1 1-11 Flasks, volumetric, 10, ml, 500 ml and 1000 ml Weigh 6.006 g glacial acetic acid, analytical grade, into a 500 ml flask (4.6) and make up to volume with water. Mix.
Acetate buffer (Walpole), pH 4.2.
Prepare by mixing 2.65 ml sodium acetate solution (5.4) and 7.35 ml acetic acid solution (5.5).
5.7
HPLC mobile phase. Prepare by mixing n-hexane (4.10), 2-propanol (4.2), and acetate buffer (5.6) in the proportion a : a : 1 ( v / v ) .
5.8
Reference phospholipids: phosphatidylethanolamine (PE), phosphatidic acid (PA), phosphatidylinositol (PI), and phosphatidylcholine (PC).
PROCEDURE 6.1 Stabilization of the column
To achieve a stable operating performance of the column it must be charged with a suitable quantity of buffer. This is carried out by passing mobile phase (5.7) through the column for at least 3 days at a flow rate of 0.2 ml/min until a stable baseline is obtained. A stable baseline will result in the retention times of peaks also being stable.
HPLC chromatography
Use the mobile phase (5.7) at a flow rate of 2 ml/min.
Calibration curve
Accurately weigh 10, 20, 3 0 and 4 0 mg quantities of each reference phospholipid (5.8) into separate 10 ml flasks (4.6).
Dissolve the phospholipid in about 3 ml mobile phase (5.7) , make up to volume with the same solvent and mix well [Note 2 1 .
Construct a calibration curve for each phospholipid by injecting exactly 10 p 1 of each of the calibration solutions, recording the peak areas and plotting the latter against the corresponding quantity of phospholipid.
Sample analysis
Weigh accurately 50 to 250 mg of the lecithin sample into a small beaker and dissolve in about 3 m l mobile phase (5.7). Transfer quantitatively to a 10 ml flask (4.6) , make up to volume with the same solvent, and mix well. In the case of some lecithins a sediment may form after some time.
Inject 10 p 1 of the upper layer. The sediment has no influence on the analysis but can affect the column's performance [Note 3 1 .
Record the individual peak areas of the eluted phospholipids, identifying them from the chromatogram (Fig. 1) or by comparison with the retention times observed during the chromatography (6.3) of the reference phospholipids (5.8).
CALCULATION A N D EXPRESSION OF RESULTS
7.1
Read off from the calibration curves the amount of phospholipids in the injected volume of the solution of the lecithin sample (6.4).
7.2
The phospholipid content (P), expressed as per cent (m/m), is given by the formula:
where A x 100 A is the amount of phospholipid, in mg, P = read from the calibration curve (7.1) m m is the mass of sample weight, in mg (6.4) 
8.2
F o r specific applications of analytical quality control see the Annexe to this standard method.
NOTES
1. Example of a suitable commercially available column:
Nucleosil 50-5 (Macherey-Nagel).
2.
An exposure of a few minutes in an ultrasonic water bath of the standard and sample solutions may facilitate complete homogenisation of phospholipids and lecithins, respectively.
.
A deterioration in the performance of the column is indicated by a poor separation of the phosphatidylethanolamine and N-acylphosphatidyl ethanolamine peaks. The column should be refilled with fresh support to ensure good reproducibility of chromatograms. After completion of analyses the pump/head system should be rinsed, first with acetone, then with water, and again with water at a very low flow rate. conditions where independent test results are obtiained with the same method on identical test material in the same laboratory by the same operator using the same equipment within short intervals of time.
Reproducibility
When the values of two single test results obtained under reproducibility conditions**, lie within the range of the values shown in the tables below, the absolute difference between the two test results obtained should not be greater than the reproducibility limit (r) deduced by linear interpolation from the data in the tables. **reproducibility conditions: conditions where test results are obtained with the same method on identical test material in different laboratories with different operators using different equipment.
Results of the interlaboratory test
An interlaboratory test carried out at the international level in 1989 by the IUPAC Commission on Oils, Fats and Derivatives, in which 11 laboratories participated, each obtaining two test results for each sample, gave the statistical results (evaluated in accordance with IS0 5725-1986) summarised in the following tables : Number of laboratories retained after elimination of outliers 11 11
Mean valve (g/lOO g sample) Number of laboratories retained after elimination of outliers 11 11 10 10 10
Mean -&ue (g/100 g sample) 
